This study investigated occurrences of anti-Neospora caninum and anti-Toxoplasma gondii IgG antibodies by means of the enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescence assay (IFAT), along with risk factors associated with toxoplasmosis and neosporosis, in 204 dogs from urban and rural areas of the municipality of Araguaína, state of Tocantins, Brazil. One hundred and thirty samples (63.7%) were positive for T. gondii using ELISA: 57.1% and 70.7% in the urban and rural areas, respectively. The seropositivity frequency for T. gondii observed through IFAT was 57.4%, distributed between rural and urban areas as 62.6% and 52.4%, respectively. The factors associated with canine toxoplasmosis were age and breed (p<0.05). In relation to N. caninum, 88 samples (43.1%) were positive, according to ELISA, distributed as 42.9% in urban areas and 43.3% in rural areas. Anti -N. caninum antibodies were detected through IFAT in 62 dogs (30.4%), distributed as 31.3% and 29.5% between rural and urban areas, respectively. Age and breed were associated with neosporosis occurrence (p<0.05) by IFAT. This study provides the first detection of IgG antibodies for canine toxoplasmosis and neosporosis in the state of Tocantins and highlights the importance of dogs in the epidemiological chain of these diseases.
Toxoplasma gondii and Neospora caninum in dogs from the state of Tocantins: serology and associated factors
Toxoplasma gondii e Neospora caninum em cães provenientes de Tocantins: sorologia e fatores associados 
Introduction
Neospora caninum and Toxoplasma gondii are obligate intracellular protozoa that belong to the phylum Apicomplexa and family Sarcocystidae (DUBEY et al., 2002) . They are etiological agents for neosporosis and toxoplasmosis, respectively. Both of these diseases have worldwide importance due to their cosmopolitan distribution and diversity of hosts, and also because they induce abortion in intermediate hosts and neurological, gastrointestinal and respiratory symptoms in dogs (MINEO et al., 2001; VALADAS et al., 2010) . Since these diseases have similar structures and taxonomy, studies have been directed towards checking for possible coinfection.
Toxoplasmosis is a zoonosis with an etiological agent that can infect a wide range of domestic and wild animals, as well as humans. It has greater importance for women presenting primary infection during pregnancy, due to the risk of transmission to the fetus (SPALDING et al., 2002) , and also for people with immunodeficiency (DUBEY et al., 2009) .
Dogs are the definitive hosts of N. caninum (MCALLISTER et al., 1998) and are consequently responsible for excretion of oocysts in their feces, thereby spreading oocysts in the environment. One of the most important intermediate host, cattle once infected, may suffer abortion and reproductive failure, resulting in considerable consequent socioeconomic losses (THURMOND et al., 1997) . Anti-N. caninum antibodies have already been detected in human samples, particularly in HIV-infected patients and patients with neurological disorders. Such patients might present opportunistic concurrent infections due to T. gondii (LOBATO et al., 2006) . However, the zoonotic potential of N. caninum has not been totally established (BRESCIANI et al., 2007) .
Infection of the dog by T. gondii means that the area involved provides an ecological niche for this protozoon, from the public health viewpoint. Consequently, this provides a risk for the human population (GERMANO et al., 1985) , since dogs can serve as a source of infection for humans through mechanically spreading the protozoon and also through sharing sources of infection (DUBEY et al., 2009) .
Because of the economic growth of the Amazon region and the current importance of this region in relation to development of the Brazilian meat industry, studies have been directed towards serological monitoring of T. gondii and N. caninum in canine populations. However, in northern Brazil, there are still only a few studies relating to occurrences of these agents, focusing on factors associated with parasitic infections. Among these, Valadas et al. (2010) found occurrence rates of 69.8% for T. gondii and 12.4% for N. caninum in the state of Pará. Cañón-Franco et al. (2003 in urban area of a city in the Rondônia State found that 8.3% of the dogs were seroreactive to N. caninum antigens and 76.4% to T. gondii. Furthermore, Aguiar et al. (2006) reported that the seroprevalence of N. caninum in dogs from rural area of Rondônia State were 12.6%. Thus, the lack of epidemiological data relating to N. caninum and T. gondii in the state of Tocantins, where so far there have not been any reports of these agents, motivated the present study. The objective of this study was to determine occurrences of anti-N. caninum and anti-T. gondii IgG antibodies in serum samples from dogs in rural and urban areas of the municipality of Araguaína, Tocantins, so as to identify possible risk factors associated with seropositivity.
Materials and Methods
This study was conducted in the municipality of Araguaína (07° 11' 28" S, 48° 12' 26" W) A semi-structured questionnaire was applied to the owners of the dogs with the aim of identifying possible factors associated with occurrences of toxoplasmosis and neosporosis among dogs in the region studied, including gender, age, breed, presence of other pets in the dog's household, activity area, presence of cats and dogs in the household and consumption of hunted meat.
Blood samples were collected into sterile tubes without anticoagulant and were kept at 4 °C until arrival at the laboratory. Serum was then separated through centrifugation and was stored at -20 °C until serological analysis.
The enzyme-linked immunosorbent assay (ELISA) for detection of IgG antibodies to T. gondii was performed as described by Domingues et al. (1998) . Antigen was produced from purified tachyzoites (RH strain) that were obtained through peritoneal washing in mice that had previously been infected. Briefly, microplates (Nunclon TM surface) were coated with antigen (5 μg/mL) diluted in carbonate-bicarbonate buffer (pH 9.6). Blocking was performed using PBS-Tween 20 (PBST) containing 6% milk powder. Incubation was performed with test and control serum samples diluted 1:200 in PBST containing 5% normal rabbit serum. Anti-canine IgG conjugate coupled with alkaline phosphatase (Sigma-Aldrich) diluted to 1:10.000 in PBS-Tween 20 plus 5% normal rabbit serum was added as a secondary antibody. The reaction was developed through addition of the enzyme substrate, p-nitrophenyl phosphate (1 mg/mL). The reaction was read using a microplate reader (Labsystems IEMS Reader MF) at 405 nm.
For N. caninum, the investigation of IgG antibodies was performed in accordance with Silva et al. (2007) . In this, tachyzoites of Nc-1 strain of N. caninum that were maintained in VERO cells and purified by means of forcible extrusion were used as the antigen. The microplates were sensitized with antigen at 10 μg/mL, blocked with PBS Tween 20 plus 6% milk powder and incubated with test and control serum diluted 1:50 in PBST containing 5% normal rabbit serum. After this point, the reaction was performed exactly as described above for T. gondii.
The immunological activity of each serum tested was calculated by determining the value of S/P, using the following equation: (absorbance of the sample -mean absorbance of the negative control serum) / (mean absorbance of positive serum controlsmean negative control serum), taking negative and positive serum samples as the reference point. Positive reactions were those in which the absorbance was higher than the cutoff point obtained from each ELISA plate, as described by Machado et al. (1997) .
The indirect immunofluorescence assay (IFAT) was performed as previously described by Camargo (1964) and Mineo (2007) in order to detect anti-T. gondii and anti-N. caninum IgG antibodies, respectively. Tachyzoites of the T. gondii RH strain obtained by means of intraperitoneal serial passages in Swiss mice and tachyzoites of N. caninum (Nc-1 strain) maintained by means of continuous passages in cultures of VERO cells were used as antigens. Cutoff dilutions of 1:40 and 1:25 were used for T. gondii and N. caninum, respectively. In each IFAT reaction, previously established positive and negative serum samples were included as controls and a FITC-conjugated monoclonal anti-dog IgG secondary antibody (Sigma-Aldrich®) was used.
Positive and negative control serum for T. gondii and N. caninum were included in all the serological tests, donated by Dr. Rosangela Zacarias Machado, of the Immunoparasitology Laboratory, Department of Veterinary Pathology, UNESP, Jaboticabal.
The serological results were correlated, using the chi-square (Χ 2 ) or Fisher test at the 5% significance level, using BioEstat 5.0 software, with variables relating to gender, age, racial pattern, presence of other domestic animals, activity area, presence of cats and dogs in the household and consumption of hunted meat. The agreement between ELISA and IFAT was assessed using kappa (k) coefficients, as previously reported (ROSNER, 2006) .
Results
Out of the total of 204 dogs sampled, the frequencies of seropositivity for T. gondii and N. caninum were 63.7% (130/204) and 43.1% (88/204), respectively, by means of the ELISA test. As described in Table 1 Although there was no statistical association, a tendency towards infection by T. gondii among dogs in rural areas was observed (Table 1) , with higher risk of toxoplasmosis in rural areas when compared with urban areas (p>0.05). In all rural and urban properties, at least one dog was positive for the agents studied.
The factors statistically associated with infection by T. gondii were breed and age (p<0.05). Dogs older than six months had higher prevalence than younger dogs (<6m), as did mixed-breed dogs. On the other hand, only age was associated with infection with N. caninum (p<0.05), such that dogs older than six months showed higher seropositivity levels. However, the variables of gender, presence of other domestic animals, activity area, presence of cats in the household and consumption of raw meat were not statistically associated with seropositivity for T. gondii and N. caninum. Additionally, the variable of breed was not associated with N. caninum in analysis on the ELISA test results (p>0.05). However, mixed-breed dogs had more chance of becoming infected by the parasite, which was confirmed by the IFAT results (p<0.05) ( Table 2) .
Analysis on correlations of the results from the 204 serum samples subjected to ELISA and IFAT in the presence of T. gondii antigens showed that 68 serum samples (33.3%) were co-negative and 111 (54.4%) were co-positive in both assays. Regarding detection of N. caninum antibodies, the co-negative and co-positive rates were 53 (25.9%) and 107 (52.4%), respectively. Comparing the two serological tests, good concordance was observed for T. gondii (κ = 0.74) and N. caninum (κ = 0.54), as defined by Rosner (2006) . Comparative statistical analysis using the McNemar test showed that there was a significant effect at the 5% probability level (p<0.05) ( Table 3) .
Discussion
This study was the first report on the frequencies of IgG antibodies against Toxoplasma gondii and Neospora caninum in dogs in the state of Tocantins, in northern Brazil. The high frequency of anti-T. gondii antibodies in dogs (63.7% according to ELISA and 57 .4% from IFAT) observed in this study corroborates other Brazilian findings: Minervino et al. (2012) in Mato Grosso (52%), Valadas et al. (2010) in Pará (69.8%) and Cañón-Franco et al. (2004) in Rondônia (76.4%). However, lower values for anti-T. gondii antibodies were observed in other Brazilian states, by Dantas et al. (2013) in Rio Grande do Norte (11.5%) and Lopes et al. (2011) in Piauí (18%). The data corresponding to the frequency of T. gondii in Brazil are discordant, which may be related to different serological tests, sample sizes, types of dog population (DUBEY & SCHARES, 2011) . ELISA is a highly sensitive serological assay, and this feature can generate false positive results. Thus, the IFAT test was also performed, with the aim of eliminating the possibility of false positive samples at the high frequencies observed in previous studies. However, even using IFAT, the seropositivity for T. gondii was still higher than in previous studies, and good concordance (κ = 0.74) was observed between the two tests. Regarding the study area, seropositivity for T. gondii was more frequently observed among dogs from rural areas (70.7% according to ELISA and 62 .6% from IFAT), which corroborates reports by Garcia et al. (1999) and Valadas et al. (2010) , who found 78.8% and 70.8%, respectively. Even though there was no statistically association, dogs from rural areas had a higher risk of infection than those in urban areas, due to greater exposure to intermediate hosts that were possibly infected by the agent in question. The high level of infection of the dog population in this study indicates that the area involved had high circulating levels of the protozoon, which consequently confers a risk of infection for the human population (GERMANO et al., 1985) .
Taking into account the dog's age as an associated factor for T. gondii infection, there was a positive association between animals aged more than six months and parasite infection, according to the ELISA test. The IFAT results show clearly that there was a higher risk of infection with increasing age, especially among dogs older than 2 years, even though there was no statistical association. These results emphasize that the likelihood of infection increases with the dogs' ages and is in agreement with previous studies (CÃNÓN-FRANCO et al., 2004; DANTAS et al., 2013; LANGONI et al., 2013) . In the present study, there was a significant difference regarding dogs seropositive for T. gondii between those with and without a defined breed (p<0.05), which was in agreement with Moura et al. (2009) . These results are probably related to the type of management to which dogs without a defined breed are subjected. However, Dantas et al. (2013) and Langoni et al. (2013) did not observe any association between seropositivity and breed. The lack of statistical association between activity area, consumption of hunted meat, presence of other pets and cats in the household and presence of antibodies against T. gondii was not expected, since dogs kept in this context would theoretically have greater exposure to sources of infection. However, the risk of infection by T. gondii was higher among dogs with access to the yard (65.6%), those that consumed hunted meat (73.3%) and those living with other domestic species (66.9%), according to the ELISA test. Similar results concerning the presence of domestic cats and the type of activity area were reported by Bresciani et al. (2007) . In contrast, Moura et al. (2009) demonstrated a positive correlation between these two variables and infection by T. gondii. Even though dogs from rural areas were more prone to be infected by T. gondii (77.3%) than those living in urban areas (50%), there was no statistical association with infection. The greater infection rate among dogs from rural areas (77.3%) reflected their consumption of hunted meat, and this was shown in the IFAT results analysis (data not shown).
Occurrences of N. caninum among dogs in Brazil have been studied in different regions, with rates ranging from 3.1% to 67.6%, according to the review by Dubey & Schares (2011) . In the present study, taking into consideration the ELISA (43.1%) and IFAT (30.4%) test results, a higher frequency of antibodies against N. caninum was observed than in other studies conducted in different regions of Brazil (DANTAS et al., 2013; LANGONI et al., 2013; LOPES et al., 2011; MELO et al., 2012; MINERVINO et al., 2012; SICUPIRA et al., 2012; VALADAS et al., 2010) . Additionally, no difference in the infection levels between rural and urban areas was observed, thus corroborating the findings of Valadas et al. (2010) . However, Cunha et al. (2008 ), Fernandes et al. (2004 and Sicupira et al. (2012) found that dogs belonging to rural areas had higher seropositivity than dogs in urban areas. Thus, due to the differences in the numbers of samples, diagnostic techniques and cutoff points, such comparisons should be made cautiously.
Among the risk factors evaluated, only age was associated with seropositivity for N. caninum, according to the ELISA test. The infection levels observed were directly proportional to increasing age, i.e. the risk of infection became higher with longer exposure to the protozoon, thus demonstrating that horizontal transmission of this agent was occurring. Similar data were reported in previous studies (AGUIAR et al., 2006; CUNHA et al., 2008; FERNANDES et al., 2004; MINERVINO et al., 2012) . However, Azevedo et al. (2005) , Bresciani et al. (2007) , Dantas et al. (2013) , Langoni et al. (2013) and Melo et al. (2012) did not find any correlation between age and the presence of anti-N. caninum antibodies. The IFAT results did not show any positive association with N. caninum infection, although they demonstrated that the dogs were more prone to becoming infected as they grew older.
The variables of gender and breed were not associated with seropositivity for N. caninum, according to the ELISA test analysis. On the other hand, mixed-breed dogs showed a statistically higher risk of infection than that of purebred dogs, according to the IFAT analysis (p<0.05). Lopes et al. (2011) , Azevedo et al. (2005) , Sicupira et al. (2012) and Langoni et al. (2013) did not find any association between N. caninum infection and gender or breed, thus suggesting that there is no predisposition according to breed or gender susceptibility in relation to occurrences of canine neosporosis. On the other hand, Melo et al. (2012) observed high frequency of seropositivity to N. caninum in purebred dogs, although no statistical association was found.
In this study, the presence of other domestic animals, activity area, presence of cats and dogs in the household and consumption of hunted meat were not statistically associated with occurrences of antibodies against N. caninum. On the other hand, several other studies have reported that these factors were risk factors because they led to greater exposure to the protozoon (SICUPIRA et al., 2012; DANTAS et al., 2013) . Notably, and in agreement with our findings, there were no positive associations between occurrences of neosporosis and the presence of dogs and cattle or the presence of cats and rodents in previous studies (AZEVEDO et al., 2005; CUNHA et al., 2008) . However, dogs that lived in the presence of other animals generally showed three times more chance of becoming infected by N. caninum (p<0.05). Concordant with our results, Bresciani et al. (2007) and Sicupira et al. (2012) also did not observe any association between dog activity area and neosporosis. Likewise, other authors have reported a strong association between occurrences of the agent and access by dogs to the streets (AZEVEDO et al., 2005; BENETTI et al., 2008) . Moreover, Benetti et al. (2008) reported that because of hunting practices, dogs with access to the streets had a higher risk of infection than those that were strictly confined to the home.
Although differences in seropositivity rates for T. gondii and N. caninum were observed between the results from ELISA and IFAT, the results from the kappa test demonstrated good concordance. Differences in the sensitivity and specificity of the serological tests used and in the cutoffs established for each test have been reported (BJORKMAN & UGGLA, 1999) . Therefore, suitable comparisons between prevalence rates are not always possible. In addition, it is widely known that the soluble antigen extracts used in ELISA contain a large number of antigens, particularly those of intracellular origin, whereas parasite surface membrane antigens are preferentially recognized in IFAT (SILVA et al., 2007) . Furthermore, in the present study, higher prevalence rates for T. gondii and N. caninum were observed using ELISA than using IFAT. Thus, IFAT has been considered to be a more species-specific test, although its sensitivity and specificity can be altered based on the cutoff values established (BJORKMAN & UGGLA, 1999) .
In conclusion, the high seropositivity for T. gondii (63.7%) and N. caninum (43.1%) in the canine population of the municipality of Araguaína suggested that infection by these agents had high frequency in this region. We have provided the first serological detection of T. gondii and N. caninum in the state of Tocantins, Brazil. Additionally, this study emphasizes that public-health monitoring activities relating to occurrences of toxoplasmosis need to include investigation of dogs' roles in this, because of the common sources of infection between dogs and humans.
